Theoretical results of hot carbon densities in the exosphere of Mars are presented. The calculation is a two-step process: First a two-stream transport code is used to solve for the distribution function at the exobase, and then these results are used in a Liouville equation solution above the exobase. It is found that photodissociation of carbon monoxide is the largest source of hot carbon atoms in the upper atmosphere of Mars, larger than dissociative recombination of CO + and much larger than the creation of hot carbon through collisions with hot oxygen atoms. It is also found that the high solar activity densities are about an order of magnitude larger than those for the low solar activity case.
Introduction
The changes in the carbon dioxide content of the atmospheres of Mars and Venus over time are determined either by the atmospheric escape of carbon via CO2, CO, or C or by the surface processes associated with carbon-bearing materials in the regolith and carbonate deposits (and the polar cap at Mars). The escape energies of •2C at Venus and Mars are •6.38 and 1.48 eV, respectively. The presence of a hot carbon exosphere at Venus has been established [Paxton, 1983] by the UV spectrometer, carried aboard the Pioneer Venus orbiter [e.g., Stewart, 1980 ], but it has been shown that the •2C escape fluxes at Venus are negligibly small. However, because of the lower escape energy at Mars, an examination of this issue is in order. The observed emissions at 165.1 nm have been identified as coming from hot carbon atoms, and an exobase mixing ratio of C/O was estimated to be on the order of 1% at Venus. There is no observational information regarding hot carbon densities at Mars available at this time.
There are three potentially important sources of hot carbon at Venus and Mars: They are the photodissociation of CO, the dissociative recombination of CO +, and the collisions of hot oxygen atoms with cold, thermal carbon. In this brief note we present the results of our calculation of hot carbon densities at Mars, due to all three of these source mechanisms.
Calculated Densities and Escape Fluxes
The photodissociation of CO, 
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We used the hot oxygen distribution functions calculated for Mars [Kim et al., 1998 ] to obtain the production rate of hot carbon due to this process. We adopted a cross-section value of 1.2 x 10 -Is cm 2, a reasonable choice based on the calculations of Kharchenko et al.
[1997].
We combined these three hot C production rates as a function of altitude and energy. We then used these production rates in our two-stream model to We found that photodissociation is the most important source mechanism, followed by dissociative recombination, while the hot oxygen impact source appears to be negligibly small at Mars. To demonstrate this conclusion we plotted in Figures 4a and 4b , for the high solar activity conditions, the exospheric densities and hemispheric escape fluxes, respectively, due to the three possible sources separately. In Figure 5 we plotted the calculated high solar activity densities, as a function of altitude, for four different assumed exobase altitudes, in order to demonstrate that the choice of the exobase altitude has only a small influence on our calculated hot carbon densities.
We also calculated the hemispheric escape fluxes and found [Fox, 1997; Liu et al., 1999 Liu et al., , 2001 ]. These direct ion escape fluxes may carry more carbon than the escape due to hot carbon, but both the measurements and three-dimensional models can only provide an estimate of the total ion escape flux (3-14 x 1025 s-1) .
The various possible escape mechanisms must have certainly changed over the history of the planet. It has been suggested that the escape due to sputtering was more than 3 orders of magnitude larger than the present rate 3.5 Gyr before the present [Luhmann et al., 1992; Kass and Yung, 1995, 1996 ], but of course large uncertainties are associated with these estimates. The currently calculated escape fluxes would also have been greater in an earlier epoch when the solar fluxes were higher. The ion escape mechanism must also have been significantly different, because of the presence of an intrinsic magnetic field. This all means that while these calculated escape fluxes are of intellectual interest, it is difficult to estimate their significance in terms of the overall evolution of the atmosphere of Mars, especially since some of the atmospheric carbon may be tied up in carbon-beating materials in the regolith and carbonate deposits.
Our calculations are one-dimensional and assumed mean ionospheric conditions. If one assumes that this result is a good representation of daytime fluxes and that the nighttime escape is negligibly small, then the estimate of the total escape rate originating from the dayside of the planet is •6.3 x 10 24 and 4.3 x 10 23 atoms s -1 for the high and low solar activity cases, respectively.
